The concept of technical efficiency is critical to measuring the firm performance, determining the degree of innovative technology adoption and the overall production efficiency. Traditionally, technical efficiency has been measured as the ratio of observed output to maximum feasible output. Stochastic frontier models have been widely utilized to assess this issue. Our research evaluates technical efficiencies in the Spanish olive sector. Specifically, the main objective of this study is to estimate a stochastic frontier production model by using a farm -level panel of data. The non -negative technical efficiency effects are assume d to be a function of firm -specific variables. A sample of Spanish farms observed from 1999 to 2002 is obtained from the FADN dataset and used in the estimation of the model. Maximum -likelihood methods are applied in the estimation of the parameters of the model. A primal approach is used to decompose Total Factor Productivity (TFP) growth. Results indicate that farm location, age of manager, tenure regimes of land and whether the farm has adopted organic farming techniques affect efficiency levels . Technical efficiency change, allocative efficiencies and scale effects are found to be the main sources of TFP growth, while technical change seems to be of minor importance. Results also suggest that Spanish olive farms are less efficient relative to other EU farms. This suggests that improvement s in the Spanish olive productive capacity after the accession to the EU were not fully implemented in the period of analysis. This may be due to a decline in olive farm 2 This work has been possible thanks to MEDFROL Financing.
incomes as a result of a decline in both public subsidies and in output prices after the mid 1990s.
Introduction
The olive sector has a significant social, economic and environmental relevance within the European Union (EU). This relevance can be justified by different reasons. First, olive cultivation, which is widespread throughout the Mediterranean region, constitutes a key element of the EU agricultural model. According to Olistat, the area under olive groves accounts for approximately 5.4 million hectares, representing around 4% of the EU utilizable agricultural area. Spain, with more than 2.4 million hectares concentrates almost 45% of the EU olive groves extension. This sector involves around a third of all EU farmers, with about 2.5 million producers (Directorate -General for Agriculture, 2002) , of which 380,000 are located in Spain. Second, olive production is concentrated in lessdeveloped areas. With only a few exceptions, a majority of producer areas are under Objective 1 of the EU Regional Policy. In these regions, olive cultivation provides an important source of employment. Olive picking creates seasonal employment in winter, thus complementing with seasonal jobs provided by other agricultural activities. Third, because the olive processing industry is composed by a large number of small and mediu m -sized industries that are often located near to producing areas, it further contributes to the economic development of these areas.
Fourth, traditional olive groves are very valuable as a tool in addressing environmental problems such as desertification and loss of biodiversity.
As a result, abandon me nt of traditional olive holdings may bring increased environmental deterioration. Fifth, olive cultivation has a number of distinctive features that create some disadvantages to the sector relative to other agricultural activities. These features include the structural inflexibility inherent to olive groves that restricts the capacity to adapt to market conditions; a high dependence of yields on both weather conditions and alternate bearing; a marked heterogeneity of holdings across space; or an intense fragmentation of the sector both at the farm and industry level. Finally, the olive sector is a major cultural factor in the Mediterranean countries, with a role that goes beyond agricultural production to embrace tourist and gastronomic activities, as well as social and cultural events. The EU has long recognized such distinctive characteristics of olive farming and has provided this sector with specific regulations and support measures. In this paper we analyze technical efficiencies and factor productivity changes for a sample of Spanish farms specialized in olive production. Though some previous published studies have addressed efficiency issues in the European agriculture (Van der Vlist et al., 2005; Karagiannis et al., 2003; Karagiannis et al., 2001; 1997) , to our knowledge, no previous paper has focused on the Spanish olive sector. The analysis of this sector is considered economically relevant for at least three reasons. First, because of its economic, social and environmental importance. As explained below, Spain is the top worldwide producer and exporter of olive oil and olives. It is thus very interesting to assess the efficiency with which this leading sector is operating. The sector is also key to economic development and environment protection in less -developed areas, being thus important to measure its firm perfor mance. Second, the thorough restructuring process through which the Spanish olive sector has undergone during the last decades (see next section for further detail) has resulted in increased production and yields. This is likely to have altered the efficiency of operations granting research on this topic. Finally, as it will be explained, though the olive sector has been excluded from the 1990s and 2000s decoupling -oriented CAP reforms, the tendency to replace production aids by direct aids should not be underestimated. In a more decoupled scenario, the efficiency with which olive holdings operate would be more relevant and a crucial factor in determining the continuity of olive holdings over time. This increases the interest of our study.
The olive sector in Spain
The EU occupies prominent positions in worldwide rankings of olive oil and table olives production and trade. According to the International Oleic Council data (IOOC), EU harvests showed an uptur n in the second half of the 1990s reaching 2.5 million tones in the 2001 / 02 marketing year, representing 82% of worldwide production. The EU is followed, at a distance, by Tunisia, Turkey, Syria and Morocco in terms of productive capacity. Spain accounted for almost 1.4 million tones in the same period, a 54% of EU production and a 47% of world's output. The EU is also the top producer of table olives, with a share in world production of 52% in 2001 / 02. Here too, Spain represents the first producer since it generates 75% of the EU's output and almost 40% of worldwide production.
Olive oil tends to be consumed in production areas. As a result, external trade represents less than 20% of world production. IOOC data suggest that the EU accounts for more than half of worldwide olive oil exports, the main destinations being the United States of America, Japan, Canada and Australia. Spain and Italy are the largest EU exporters. During the 2001 / 02 marketing year, Spain exported 112,500 tones to non -EU countries and 488,000 tones to the EU. Hence, of total Spanish olive oil exports, more than 81% went to the EU. It is a fact that the olive oil sector in the EU has undergone substantial changes since the Spanish accession to the Community. Specifically, it has become the largest world producer and a key player in the worldwide olive oil trade. Additionally, total olive production has increased substantially in the EU over the last decade, mainly as a result of relevant increases in Spanish output.
Olive grove area represents around 13% of the total agricultural area in Spain (Spanish Ministry for Agriculture, 2003) . A 93% of this area is devoted to olive oil production, being the rest dedicated to the production of table olives. As noted above, Spanish olive production has experienced a substantial growth since the adhesion to the EU. The increases in output are the result of both an increase in new plantations (even after 1998 when new plantations were excluded from EU production aids) and an increase in yields per hectare. Yields increase is the outcome of a series of changes in production methods such as improvement s in growing techniques, the replacement of old trees by new ones and, specially, the increase in irrigated olive groves (which can yield threefold or fourfold increases in output). According to the Spanish Ministry for Agriculture, irrigated land increased form 102,000 ha in 1995 to 372,000 ha in 2000. Modernization of the sector has been partly promoted by an increase in prices and a sharp increase in the production aid resulting from the accession to the EU and the application of EU regulations.
Changes in dietary preferences favoring olive oil, specially notable since the mid 1990s, have also contributed to increased production and trade. and fats in order to stabilize both production and the budget devoted to support the sector. This reform involved, among other changes, a reduction in the production aid per unit, the exclusion of new plantings from the areas entitled to receive production aid, the replacement of the former intervention system by a private storage mechanism, and the elimination of consum p tion aids.
Methodology
The perfor mance of a firm has been conventionally assessed through the concept of efficiency. Technical efficiency represents the capacity and willingness of an economic unit to produce the maximum attainable outpu t from a given set of inputs and technology (Koopmans, 1951) . A commonly used technique to measure a firm's technical efficiency is the stochastic frontier methodology which we adopt (Aigner, Lovell and Schmidt, 1997; Meusen and van den Broeck, 1977) . This well-known technique assumes that, for a given combination of inputs, the maximum attainable production by a firm is delimited from above by a parametric function of known inputs involving unknown parameters and a measurement error. The more distant actual production is from this stochastic frontier, the greater a firm's technical inefficiency. A stochastic frontier production function formulated within a panel data context can be expressed as follows:
where i t y is the output of the i-th firm ( 1, . . . , 
It should be noted here that the specification of the stochastic frontier in
(1) allows technical inefficiency of a firm to change over time. Time is also included as an explanatory variable in the production function, which allows to measure trends in productivity change. Following Battese and Coelli (1995) 
Where θ represents 2 ( , , , ) (2) is given by the following expression: After estimating the model, we measure productivity change and determine its various sources following Kumbhakar et al (2000): (5) where a dot over a variable indicates its rate of change. TFP° represents total factor productivity change. The first component of TFP° is 
prices from their marginal products. Allocative inefficiencies are computed as:
is total expenditure in inputs, k w is the unit price of input k and
is a measure of the expenditure share of input k . The fourth component, the primal measure of the rate of change in technical efficiency is given by u TE t ∂ ∆ = − ∂ .
Empirical application
As noted above, the aim of this article is to assess technical efficiencies of the olive sector in Spain after the relevant changes experienced by this Following previous literature (Fan, 1991; Karagiannis and Tzouvelekas, 2001) , the production frontier function in (1) that may reduce the efficiency of operations. A farmer's age is also likely to influence technical efficiency, which we measure through variable 5 z .
Younger farmers should be expected to be more prone to introduce changes in crop management techniques that increase efficiency, relative to elderly ones. Finally, the variable time is also expected to influence technical efficiency. Since farm managers are likely to learn from their errors, the passage of time should be expected to improve technical efficiency. Results derived from the estimation of the model are presented in the following section.
Results
Results derived from simultaneously estimating the quasi -translog production frontier and the inefficiencies equation are presented in table production. This suggests that improvements in the Spanish olive productive capacity after the accession to the EU were not fully implemente d in the period of analysis. This may be due to a decline in olive farm incomes as a result of a decline in both public subsidies after the 1998 CMO reform and a decline in output prices after the relevant increases in production that took place after the mid 1990s.
Results of the TFP growth decomposition are reported in Table 3 .
Mean TFP growth rates increased through time from 0.7% in 1999 to 1.3% 
Concluding remarks
Spain occupies prominent positions in worldwide rankings of olive oil and Kumbhakar et al. (2000) . An unbalanced panel of 576 observations is used in the empirical analysis.
Estimated average efficiency levels for our sample farms are about 69%
for the period 1999 -2002. A comparison of our results with previous research on the olive sector in Greece reveals higher levels of technical inefficiency for our sample of Spanish olive farms than for Greek olive farms. This suggests that improvement s in the Spanish olive productive capacity after the accession to the EU were not fully implemented in the period of analysis. This may be due to reduced olive prices and subsidies after a period of attractive incomes following the Spanish accession to the EU.
Results also indicate that the variables that affect efficiency levels are: farm location (i.e., whether it belongs to a less favoured area or not), age of manager, rent paid and whether the farm has adopted organic farming techniques. Being located in a less favoured area, adopting organic farming techniques or being an aged farmer is found to decrease efficiency. On the other hand, renting land and the passage of time are found to increase efficiencies. As for productivity growth, results show an increase in average productivity of about 1.0% per year during the period of study, with technical efficiency change, allocative efficiencies and scale effects being the most relevant components of this growth. 
